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Group-III nitrides are pyroelectric materials, i.e. they show spontaneous and 
piezoelectric polarization. The difference of polarization within an AlGaN/GaN-
heterostructure leads to local fixed polarization charges screened by the accumulation of 
free carriers close to the interface [1]. The carrier density of the two-dimensional electron 
gas (2DEG) is very sensitive to any manipulation of surface potential. Therefore this 
heterostructure can be used to develop sensors for the detection of ions, gases, and 
polar liquids [2]. The sensor structure is shown in Fig. 1. The optical transparency of the 
GaN-based sensors can be used to combine electrical with optical measurements with 
wavelengths above 360 nm. In this work the enzyme activity and reaction kinetic of a 
lipase assay were monitored by continuously measuring of pH-value with novel 
optimized GaN-based sensors. 
From the technological point of view the heterostructures grown by PIMBE were 
optimized by changing the material composition and the thickness of the AlGaN-barrier 
influencing the onset of depletion of electrons from the 2DEG during CV-measurements 
and later in sensor applications. The beginning of depletion is an important parameter 
developing sensors for different applications. The optimization process was supported 
by computer simulations of AlGaN/GaN-heterostructures shown in Fig. 2. The influence 
of barrier thickness and surface potential on the electrical behaviour of sensors was 
investigated. A barrier thickness of around 12 nm and an Al-content of 25 % were well 
suited for pH-measurements. 
The sensitivity of AlGaN/GaN-heterostructures caused by changing the surface potential 
were already demonstrated for H+-ions [3], cell action potential [4], and even for 
immobilized proteins [5]. GaN-based sensors were calibrated with different buffer 
solutions. At room temperature the sensitivity of pH-sensors is almost 59 mV/pH 
showing Nernstian behavior. In order to determine the sensitivity and the operation point 
of the sensors IDS-URef-characteristics were measured at different pH-values. The  
 
measured reference potential showed a linear dependence from the pH-value. 
For monitoring of an enzymatic lipase assay and of reaction kinetics by continuously 
measuring the pH-value the AlGaN/GaN sensor were connected by a gel bridge to a 
micro reference electrode as it is shown in Fig. 3. Lipases are the most versatile 
biocatalysts used for many biotransformation reactions such as alcoholysis, acidolysis, 
and hydrolysis. In our experiments lipase reacted with 4-nitrophenyl caprylate producing 
caprylic acid. The change in pH value caused by caprylic acid is shown in Fig. 4. 
Different enzyme concentrations were measured resulting in different reaction velocities. 
The AlGaN/GaN-sensors are well suited for these measurements with a total reaction 
volume of about 35 µl. 
Another application is monitoring the enzymatic release of acetate by histone 
deacetylases (HDAC) by measuring changes in pH in order to identify new inhibitors for 
this actual and promising target enzyme in cancer therapy. Utilisation of this pH-sensor 
would give the chance to identify these inhibitors directly without other (bio-)chemical 
reactions in a homogeneous format by continuously monitoring the target enzyme.  
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Figure 1: Schematic view of an AlGaN/GaN pH-
sensor. 
Figure 2: Theoretical calculation of conduction band 
and carrier concentration with varying Al-content. 
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Figure 3: Measurement setup for lipase assay. Figure 4: Change of pH after adding lipase. 
AlGaN/GaN heterostructures were used to measure the change in pH value during a 
lipase bioreaction. GaN-based pH-sensors are well suited for monitoring lipase related 
bioreactions and offer the possibility to a combined electrical-optical measurement. 
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